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Description
Background of the Invention

Field of the Invention

[0001] The present invention relates to an apparatus
and a method for controlling a four-wheel drive vehicle,
which can implement optimum controls even when an
on-board traction control device operates so that driving
force transmitted to a road surface is limited.

Description of the Related Art

[0002] In recent years, a traction control device is
equipped on automotive vehicles which controls engine
outputs and braking forces so as to prevent driving
wheels from slipping in order to thereby secure acceler-
ation, steering stability and vehicle behavior stability
when the automotive vehicle starts from standstill con-
ditions.

[0003] In acase where the traction control device like
this is equipped on a four-wheel drive vehicle, there may
occur unfavorable conditions to the vehicle in which a
vehicle behavior control device interferes with controls
by a power distribution control device equipped on the
four-wheel drive vehicle. For eliminating these prob-
lems, Japanese Patent Unexamined Publication No.
Sho. 61-37541 discloses the four-wheel drive vehicle in
which a four-wheel drive is forcibly shifted to a two-
wheel drive when a slip control operation is activated.
[0004] On the other hand, Japanese Patent Unexam-
ined Publication No. Hei. 1-266049 discloses a technol-
ogy in which a limited slip differential function is stopped
to provide for a so-called locked-up four-wheel drive
when there occurs an acceleration slip. Namely, the ac-
celeration slip suppression effect results from stopping
the limited slip differential function.

[0005] However, with the former prior art, the four-
wheel drive is shifted to the two-wheel drive at the same
time as the slip control operation is activated. This may
lead to a possibility that the drivability of the vehicle is
remarkably deteriorated. In addition, there is caused a
problem that the driver is forced to feel large physical
disorders when there occurs a drastic change in vehicle
characteristics that would result when the four-wheel
drive is shifted to the two-wheel drive.

[0006] In addition, with the latter prior art, slips on the
four wheels are rather promoted, leading to a risk that
a sufficient traction performance cannot be secured.

Summary of the Invention

[0007] The present invention was made in view of
these situations. An object of the present invention is to
provide an apparatus and a method for controlling a
four-wheel drive vehicle which can continue to imple-
ment optimal limited slip differential controls without un-
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necessarily interfering with the traction control to main-
tain a superior drivability without making the driver feel
the physical disorder, and to ensure that the stability of
the vehicle can be improved by properly controlling slips
on the four wheels.

[0008] With a view to attaining the object, according
to a first aspect of the invention, there is provide a con-
trol apparatus for a four-wheel drive vehicle comprising:

a traction control unit for controlling a driving force
when there occurs a wheel slip on a wheel;

a transfer device with a limited slip differential unit
for limiting a differehtial rotational action between
front and rear wheels for distributing said driving
force transmitted thereto between the front and rear
wheel sides; and

a limited slip differential control unit for setting a lim-
ited slip differential force by the limited slip differen-
tial unit,

wherein the limited slip differential control unit
compensates for the limited slip differential force by said
limited slip differential control unit in such a manner that
the limited slip differential force is increased when there
occurs a wheel slip exceeding a predetermined value at
least either one of front left and right wheels or rear left
and right wheels.
[0009] According to a second aspect of the invention,
there is provided the control apparatus for the four-
wheel drive vehicle as set forth in the first aspect of the
invention, wherein the limited slip differential control unit
sets the limited slip differential force according to at least
either one of the driving force inputted into the transfer
device or the difference in the number of rotations be-
tween the front and rear wheels.
[0010] According to a third aspect of the invention,
there is provided the control apparatus for the four-
wheel drive vehicle as set forth in the first or second as-
pect of the invention, wherein the limited slip differential
control unit implements the increasing compensation of
the limited slip differential force at the time of running at
a low speed.
[0011] According to a fourth aspect of the invention,
there is provided the control apparatus for the four-
wheel drive vehicle as set forth in any of the first to third
aspects of the invention, wherein the limited slip differ-
ential control unit implements the increasing compen-
sation of the limited slip differential force according to at
least a steering angle.
[0012] According to a fifth aspect of the invention,
there is provided the control apparatus for the four-
wheel drive vehicle as set forth in any of the first to fourth
aspects of the invention, wherein the limited slip differ-
ential control unit implements the increasing compen-
sation of the limited slip differential force according to at
least a vehicle speed.
[0013] According to a sixth aspect of the invention,
there is provided the control apparatus for the four-
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wheel drive vehicle as set forth in the fifth aspect of the
invention, wherein the increasing compensation accord-
ing to the vehicle speed is implemented when the steer-
ing angle is small.

[0014] Accordingto a seventh aspect of the invention,
there is provided the control apparatus for the four-
wheel drive vehicle as set forth in any of the first to sixth
aspects of the invention, wherein the traction control unit
operates so that the driving force transmitted to a road
surface is limited only when there occurs a wheel slip
exceeding the predetermined value at least either one
of the front left and right wheels or the rear left and right
wheels.

[0015] Namely, with the control apparatus for the four-
wheel drive vehicle according to the first aspect of the
invention, the limited slip differential unit limits the dif-
ferential rotation between the front and rear wheels with
the limited slip differential force set by the limited slip
differential control unit, and the transfer device distrib-
utes the driving force from the power source between
the front and rear wheel for driving the vehicle. In addi-
tion, the traction control unit controls the driving force
when there occurs a wheel slip on the wheel. Here, the
limited slip differential control unit compensates for the
limited slip differential force that is to be set by the limited
slip differential control unit such that the limited slip dif-
ferential force is increased when there occurs the wheel
slip exceeding the predetermined value at least either
one of the front left and right wheels or the rear left and
right wheels. Consequently, in case there occurs the
wheel slip exceeding the predetermined value at least
either one of the front left and right wheels or the rear
left and right wheels (for example, the wheel slip that
occurs due to the difference in friction coefficient be-
tween the left and right wheels of the vehicle and the
road surface, respectively, in normal driving conditions),
the traction control unit is activated to control to sup-
press the driving force transmitted to the road surface,
and the limited slip differential control unit is activated
to increase the limited slip differential force for limiting
the differential action between the front and rear wheels.
Therefore, stable driving can be provided. Thus, the lim-
ited slip differential control unit operates properly when
there occurs the wheel slip either one of on the left or
right wheels and continues to implement the optimal lim-
ited slip differential control without necessarily interfer-
ing with the traction control. Therefore, it is possible to
maintain the superior drivability without making the driv-
er feel the physical disorder. In addition, the limited slip
differential control unit can properly suppress wheel
slips on the four wheels together with the traction control
unit to thereby ensure the improvement in vehicle sta-
bility.

[0016] According to the second aspect of the inven-
tion, there is provided the control apparatus for a four-
wheel drive vehicle as set forth in the first aspect of the
invention, wherein the limited slip differential control unit
sets the limited slip differential force according to at least

10

15

20

25

30

35

40

45

50

55

either one of the driving force inputted into the transfer
device or the difference in the number of rotations be-
tween the front and rear wheels. Therefore, the limited
slip differential force is properly set in accordance with
the driving conditions of the vehicle, thereby making it
possible to ensure that the driving stability of the vehicle
is improved.

[0017] According to the third aspect of the invention,
there is provided the control apparatus for a four-wheel
drive vehicle as set forth in the first or second aspect of
the invention, wherein the limited slip differential control
unitimplements the increasing compensation of the lim-
ited slip differential force to be set by the limited slip dif-
ferential control unit at the time of running at low speeds
which is predetermined. Namely, in a case where the
vehicle speed is fast, since the input torque is small and
there occurs a little slip, no compensation is implement-
ed for driving in those conditions to thereby improve the
accuracy.

[0018] According to the fourth aspect of the invention,
there is provided the control apparatus for the four-
wheel drive vehicle as set forth in any of the first to third
aspects of the invention, wherein the limited slip differ-
ential control unit implements the increasing compen-
sation of the limited slip differential force to be set by the
limited slip differential control unit according to at least
a steering angle. Namely, in a case where the driver
steers largely, if the increased compensation of the lim-
ited slip differential force is implemented, the vehicle
characteristics are drastically shifted to the locked up
condition of the four-wheel drive. This leads to a possi-
bility that the driver feels a physical disorder. To cope
with this, for example, it is designed such that the larger
the steering angle becomes, the less the increasing
compensation of the limited slip differential force is im-
plemented. Therefore, the physical disorder can be re-
duced.

[0019] According to the fifth aspect of the invention,
there is provided the control apparatus for a four-wheel
drive vehicle as set forth in any of the first to fourth as-
pects of the invention, wherein the limited slip differential
control unit implements the increasing compensation of
the limited slip differential force to be set by the limited
slip differential control unit according to at least the ve-
hicle speed. Namely, since the faster the vehicle speed
becomes, the smaller the input torque becomes and
hence there occurs less wheel slip. For example, it is
designed such that the faster the vehicle speed be-
comes, the less the increasing compensation of the lim-
ited slip differential force is implemented. Therefore, the
control accuracy is improved.

[0020] According to the sixth aspect of the invention,
there is provided the control apparatus for the four-
wheel drive vehicle as set forth in the fifth aspect of the
presentinvention, wherein the increasing compensation
implemented by the limited slip differential control unit
corresponding to the vehicle speed is implemented
when the steering angle is small. In a case where the
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increasing compensation is implemented correspond-
ing to the vehicle speed, in consideration of the effect of
the steering angle (the occurrence of the physical dis-
order felt by the driver when he or she steers the steering
wheel), as described above, the increasing compensa-
tion is implemented in such conditions that the steering
angle is small and that the vehicle characteristics are
little affected even if the vehicle characteristics are shift-
ed to the permanent four-wheel drive.

[0021] According to the seventh aspect of the inven-
tion, there is provided the control apparatus for the four-
wheel drive vehicle as set forth in any of the first to sixth
aspects of the invention, wherein the traction control unit
operates so that driving force transmitted to the road
surface is limited only when there occurs the wheel slip
exceeding the predetermined value at least either one
of the front left and right wheels or the rear left and right
wheels. Therefore, it is ensured that unnecessary
torque is suppressed relative to the wheel slip occurring
either on the left or right wheels, the vehicle stability be-
ing thereby improved.

Brief Description of the Drawings
[0022]

Fig. 1is an explanatory view schematically showing
an overall structure of a vehicle;

Fig. 2 is a block diagram showing functions of a
front/rear driving force distribution control unit; and
Fig. 3 is a flowchart describing front/rear driving
force distribution controls.

Detailed Description of the Invention

[0023] Referring to the appended drawings, a mode
for carrying out the invention will be described below.
[0024] Figs. 1to 3 show an embodiment of the inven-
tion. Fig. 1 is an explanatory diagram schematically
showing the overall structure of a vehicle. Fig. 2 is a
block diagram showing a function of a control unit for
distributing driving forces between front and rear wheels
of the vehicle. Fig. 3 is a flowchart showing the control
of distributing the driving force between the front and
rear wheels of the vehicle.

[0025] In Fig. 1, reference numeral 1 denotes an en-
gine disposed at the front of a vehicle. Driving forces of
these engine 1 is transmitted from an automatic trans-
mission 2 (shownasincorporating a torqueconverter)
disposed to the rear of the engine 1 and a transfer device
3 via a transmission output shaft 1a.

[0026] Furthermore, the driving force transmitted to
the transfer device 3 is inputted into a rear final reduction
gear 7 via a rear drive shaft 4, a propeller shaft 5 and a
drive pinion shaft portion 6. The driving force is also in-
putted into a front final reduction gear 11 via a reduction
drive gear 8, a reduction driven gear 9 and a front drive
shaft 10 which operates as a drive pinion shaft. Here,
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the automatic transmission 2, the transfer device 3 and
the front final reduction gear 11 are provided integrally
in a case 12.

[0027] The driving force inputted into the rear final re-
duction gear 7 is transmitted to a left rear wheel 14rl and
aright rear wheel 14rr via a left rear drive shaft 13rl and
a right rear drive shaft 13rr, respectively. Moreover, the
driving force inputted into the front final reduction gear
11 is transmitted to a left front wheel 14fl and a right front
wheels 14fr via a left front drive shaft 13fl and a right
front drive shaft 13fr, respectively.

[0028] The transfer device 3 includes a wet type mul-
tiple-disc clutch (a transfer clutch) 15 and a transfer pis-
ton 16. The multiple-disc clutch 15 is constituted in turn
by alternating sets of drive plates 15a provided on a re-
duction drive gear 8 and driven plates 15b provided on
a rear drive shaft 4. The transfer piston 16 is used as a
limited slip differential unit for limiting the differential ro-
tational action between the front and rear wheels by var-
iably providing clamping forces (transfer clutch torque
as limited slip differential force) of the transfer clutch 15.
Thus, according to the present invention, there is pro-
vided the four-wheel drive vehicle based on a front-en-
gine and front-drive vehicle (an FF vehicle) in which the
torque distribution ratio between the front and rear
wheels can be varied between the ratio from, for exam-
ple, 100:0 to 50:50. In the four-wheel drive vehicle, with
the control of the transfer clutch torque of the transfer
clutch 15 by controlling the pressing force of the transfer
piston 16, the driving force distribution between the front
and rear wheels is varied and thus the limited slip differ-
ential force between the front and rear wheels is con-
trolled.

[0029] The pressing force of the transfer piston 16 is
provided by a transfer clutch drive unit 40a which is con-
stituted by a hydraulic circuit having a plurality of sole-
noid valves incorporated therein. A control signal (an
output signal to the solenoid valves which corresponds
to the transfer clutch torque) for driving the transfer
clutch drive unit 40a is outputted from a control unit 40
for controlling the distribution of the driving force be-
tween the front and rear wheels of the vehicle.

[0030] On the other hand, reference numeral 31a de-
notes a brake drive unit of the vehicle, and a master cyl-
inder (not shown) is connected to the brake drive unit
31a which master cylinder is connected to a brake pedal
which is adapted to be operated by the driver. Then,
when the driver operates the brake pedal, a brake pres-
sure is introduced by the master cylinder into respective
wheel cylinders (left front wheel cylinder 171l, right front
wheel cylinder 17fr, left rear wheel cylinder 17rl, right
rear wheel cylinder 17rr) of the four wheels 14fl, 14fr,
14rl, 14rr via the brake drive unit 31a. Thus, the brakes
on the four wheels are applied to stop the vehicle.
[0031] The brake drive unit 31a is a hydraulic unit
comprising a pressurizing source, a pressure reducing
valve, and a pressure boosting valve. The brake drive
unit 31a is provided for freely and individually introduc-
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ing a brake pressure into the respective wheel cylinders
1711, 17fr, 17rl, 17rr according to input signals from a
braking force control unit 31, which will be described lat-
er, in addition to the operation of the brake pedal by the
driver as described above.

[0032] In addition, output signals from a traction con-
trol unit 33, which will be described later, are inputted
into an engine control unit 32 for implementing various
engine controls such as fuel injection control.

[0033] The braking force control unit 31 and the trac-
tion control unit 33 are provided, respectively, as a trac-
tion control unit for freely controlling the driving force
transmitted to the road surface when there occurs a
wheel slip. The front/rear driving force distribution con-
trol unit 40 is provided to additionally function as a lim-
ited slip differential control unit.

[0034] Then, provided on the vehicle are sensors for
detecting parameters required for controls at the re-
spective control units 31, 33, 40. Namely, the wheel
speeds Vfl, Vfr, Vrl, Vrr of the respective wheels 14fl,
14fr, 14rl, 14rr are detected by wheel speed sensors
21fl, 21fr, 21rl, 21rr for input into the respective control
units 31, 33, 40. In addition, a steering wheel angle 6H
is detected by a steering wheel angle sensor 22 for in-
putting thereof into the front/rear driving force distribu-
tion control unit 40. Furthermore, an engine speed Ne
and an engine output torque Te are inputted into the
front/rear driving force distribution control unit 40 from
the engine control unit 32. Additionally, a turbine speed
Nt and the gear ratio i are inputted into the front/rear
driving force distribution control unit 40 from a transmis-
sion control unit 24 for executing the control of gearshift
of the automatic transmission 2.

[0035] The braking force control unit 31 detects a slip-
page of the respective wheels based on the respective
wheel speeds VA, Vfr, Vrl, Vrr from the wheel speed sen-
sors 21fl, 21fr, 21rl, 21rr. In case the slippage so detect-
ed reaches or exceeds a slippage determination value
which is predetermined, the braking force control unit
31 outputs a predetermined control signal to the brake
drive unit 31a for automatically braking to prevent a
wheel spin. A signal for permitting the traction control
through braking is inputted into the braking force control
unit 31 from the front/rear driving force distribution con-
trol unit 40 only in case there occurs a wheel slip ex-
ceeding a predetermined value (K1 for the front wheel
side, and K2 for the rear wheel) at least either one of the
front left and right wheels or the rear left and right
wheels.

[0036] Additionally, the traction control unit 33 detects
the slippage of the respective wheels based on the re-
spective wheel speeds Vi, Vfr, Vrl, Vrr from the wheel
speed sensors 21fl, 21fr, 21rl, 21rr. In case the slippage
so detected reaches or exceeds a slippage determina-
tion value which is predetermined, the traction control
unit 33 outputs a predetermined signal to the engine
control unit 32 for reducing the torque from the engine
1. Note, as with the braking force control unit 31, that a
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signal for permitting the traction control through engine
output is inputted into the traction control unit 33 from
the front/rear driving force distribution control unit 40 on-
ly in case there occurs a wheel slip exceeding the pre-
determined value (K1 for the front wheel side, and K2
for the rear wheel side) at least either one of the front
left and right wheels or the rear left and right wheels.
[0037] Inputted into the front/rear driving force distri-
bution control unit 40 are the respective wheel speeds
VAl, Vfr, Vrl, Vrr from the wheel speed sensors 21fl, 21fr,
21rl, 21rr, the steering wheel angle 6H from the steering
wheel angle sensor 22, the engine speed Ne and the
engine output torque Te from the engine control unit 32
and the turbine speed Nt and the gear ratio i from the
transmission control unit 24.

[0038] Then, the front/rear driving force distribution
control unit 40 calculates and sets a transfer clutch
torque for the transfer clutch drive unit 40a based on the
respective input signals. Further, the front/rear driving
force distribution control unit 40 outputs the signals for
permitting the execution of controls to the braking force
control 31 and the traction control unit 33 only in case
there occurs a wheel slip exceeding the set value (K1
for the front wheel side, and K2 for the rear wheel side)
at least either one of the front left and right wheels or
the rear left and right wheels.

[0039] Namely, as shown in Fig. 2, the front/rear driv-
ing force distribution control unit 40 mainly comprises
an input torque calculating unit 41, a front/rear differen-
tial rotation calculating unit 42, a limited slip differential
torque calculating unit 43, a left/right wheel slip occur-
rence determination unit 44, a limited slip differential
compensation amount calculating unit 45 and a limited
slip differential torque setting unit 46.

[0040] Inputted are the engine speed Ne, the engine
output torque Te, the turbine speed Nt and the gear ratio
iinto the input torque calculating unit41. An input torque
Tin which is the transmission output torque is calculated
by the following equation (1), and the input torque Tin
so calculated is then outputted to the limited slip differ-
ential torque calculating unit 43 and the limited slip dif-
ferential compensation amount calculating unit 45.

Tin=Te - t-i (1)

Where, t is the torque ratio of the torque converter, and
is obtained by referring to maps of the rotating speed
ratio e (=Nt/Ne) of the torque converter and the torque
ratio t of the torque converter, which is predetermined.
[0041] The respective wheel speeds Vfl, Vfr, Vrl, Vrr
are inputted into the front/rear differential rotation calcu-
lating unit 42. The front/rear differential rotation calcu-
lating unit 42 calculates an average wheel speed Nf of
the left and right front wheels (= (Vfl+Vfr) /2) and an av-
erage wheel speed Nr of the left and right rear wheels
(=(Vrl+Vrr)/2), and then calculates a front/rear differen-
tial rotation AN (=|Nf-Nr|) from the average wheel
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speeds Nf, Nr. The front/rear differential rotation AN so
calculated is then outputted to the limited slip differential
torque calculating unit 43 and the limited slip differential
compensation amount calculating unit 45.

[0042] Inputted into the limited slip differential torque
calculating unit 43 are the input torque Ti from the input
torque calculating unit 41 and the front/rear differential
rotation AN from the front/rear differential rotation cal-
culating unit 42. The limited slip differential torque cal-
culating unit 43 first calculates a limited slip differential
torque Tc, which becomes the reference, based on the
input torque Tin and the front/rear differential rotation
AN using the following expression (2) for output to the
limited slip differential torque setting unit 46.

Te=Ff1(Tin)+f2(AN) )

Where the function f1 is a function for multiplying the
input torque Tin by a predetermined rear wheel driving
force distribution ratio Ai and increasing the limited slip
differential torque Tc in keeping with the increase in input
torque Tin. In addition, the function f2 is a function for
increasing the limited slip differential torque Tc as the
front/rear differential rotation AN increases.

[0043] The limited slip differential torque Tc is set ac-
cording to the input torque Tin and the front/rear differ-
ential rotation AN in this embodiment. However, in ad-
dition to that, the limited slip differential torque Tc may
be set in consideration of the occurring yaw rate and the
road surface conditions (the friction coefficient pu of the
road surface).

[0044] The respective wheel speeds Vfl, Vfr, Vrl, Vrr
are inputted into the left/right wheel slip occurrence de-
termination unit 44. The left/right wheel slip occurrence
determination unit 44 determines whether or not the dif-
ferential rotation between the left and right front wheels
(=|Vfl-Vfr|) is larger than a value (K1) which has been
predetermined through experiments. In case the differ-
ential rotation is larger than the value K1, then the unit
44 determines that there is occurring a wheel slip on the
front wheel side. Similarly, the left/right wheel slip occur-
rence determination unit 44 determines whether or not
the differential rotation between the left and right rear
wheels (=(|Vrl-Vrr|) is larger than a value (K2) which has
been predetermined through experiments. In case the
differential rotation is larger than the value K2, the unit
44 determines that there is occurring a wheel slip on the
rear wheel side. Then, in a case where the left/right
wheel slip occurrence determination unit 44 determines
that there is occurring a wheel slip either on the front
wheel side or the rear wheel side, the unit 44 outputs a
permission signal to the braking force control unit 31 for
permitting the traction control through braking and a per-
mission signal to the traction control unit 33 for permit-
ting the traction control through engine output. Further-
more, the results of the left/right wheel slip occurrence
determination by the left/right wheel slip occurrence de-
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termination unit 44 are outputted to the limited slip dif-
ferential compensation amount calculating unit 45.
[0045] Inputted into the limited slip differential com-
pensation amount calculating unit 45 are the respective
wheel speeds VAl, Vfr, Vrl, Vrr, the steering wheel angle
0H, the input torque Tin, the front/rear differential rota-
tion AN and the results of the left/right wheel slip occur-
rence determination. Then, in case it is determined that
there is occurring the wheel slip either on the front wheel
side or the rear wheel side, with the vehicle speed V (for
example, the average of the wheel speeds Vfl, Vfr, Vrl,
Vrr of the four wheels) being lower than a set vehicle
speed V1 which can be determined as a low speed
which has been predetermined, or the input torque Tin
becoming larger, a limited slip differential compensation
amount Tc1 according to the steering angle and a limited
slip differential compensation amount Tc2 according to
the vehicle speed are calculated for outputting to the lim-
ited slip differential torque setting unit 46.

[0046] Here, the limited slip differential compensation
amount Tc1 according to the steering angle is an in-
creasing compensation amount for the term F1 (Tin) of
the input torque Tin of the limited slip differential torque
Tc. The limited slip differential compensation amount
Tc1 is calculated from Tc1=g1 (Str) f1 (Tin) , assuming
that Str is the steering angle that is obtained from the
steering wheel angle 6H. The function g1 is made such
that the value becomes smaller as the steering angle
Strincreases so that the limited slip differential compen-
sation amount Tc1 becomes smaller. This is intended to
reduce the physical disorder felt by the driver by making
smaller the increasing compensation of the limited slip
differential force as the steering angle Str increases be-
cause in case the increasing compensation of the limit-
ed slip differential force is implemented when the driver
turns the steering wheel largely, the vehicle character-
istics are drastically shifted to the four-wheel drive to
thereby make the driver feel a physical disorder.
[0047] In addition, the limited slip differential compen-
sation amount Tc2 according to the vehicle speed is an
increasing compensation amount for the term f2 (AN) of
the front/rear differential rotation AN of the limited slip
differential torque Tc. In this embodiment, the limited slip
differential compensation Tc2 is calculated to be reflect-
ed as a compensating amount, in particular, only when
the vehicle is driven straight with the steering angle Str
being substantially "0" from the viewpoint of the steering
angle Str. Consequently, the limited slip differential com-
pensation amount Tc2 according to the vehicle speed
when the vehicle is driven straight with the steering an-
gle Str being substantially "0" is calculated from Tc2=g2
(V) - f2(AN). The limited slip differential compensation
amount Tc2 according to the vehicle speed when the
vehicle is not driven straight with the steering angle Str
being not substantially "0" is calculated from Tc2=0.
Here, the function g2 is made such that the vehicle
speed becomes smaller as the vehicle speed V be-
comes faster so that the limited slip differential compen-
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sation amount Tc2 to be calculated becomes smaller.
This is because the faster the vehicle speed becomes,
the smaller the input torque for the transfer clutch 15
becomes and hence there occurs less wheel slip.
[0048] Inputted into the limited slip differential torque
setting unit 46 are the limited slip differential torque Tc
from the limited slip differential torque calculating unit
43 and the limited slip differential compensation
amounts Tc1, Tc2 from the limited slip differential com-
pensation amount calculating unit 45 in the above driv-
ing conditions (that is, in a state in which there occurs
the wheel slip either on the front wheel side or the rear
wheel side and the vehicle is driven at low speeds) . The
limited slip differential torque setting unit 46 calculates
the limited slip differential torque Tc for outputting to the
transfer clutch drive unit 40a as a transfer clutch torque
based on Tc, Tc1 and Tc2. Namely, the limited slip dif-
ferential torque Tc calculated in the state in which there
occurs a wheel slip either on the front wheel side or the
rear wheel side and the vehicle is driven at low speeds
becomes Tc=Tc+Tc1+Tc2 because the limited slip differ-
ential torque Tc from the limited slip differential torque
calculating unit 43 is increasingly compensated for by
the limited slip differential compensation amounts Tc1,
Tc2.

[0049] Next, the front/rear driving force distribution
control by the front/rear driving force distribution control
unit 40 will be described with reference to a flowchart
shown in Fig. 3. This program is repeatedly executed at
predetermined time intervals. First, required signals are
read in a step (hereinafter, simply referred to as "S") 101.
[0050] Next, the flow proceeds to S102, and the in-
putted torque Tin is calculated using the equation (1) at
the input torque calculating unit 41. Then in S103, the
front/rear differential rotation AN is calculated at the
front/rear differential rotation calculating unit 42. In
S104, the limited slip differential torque Tc is calculated
by using the equation (2) at the limited slip differential
torque calculating unit 43.

[0051] Thereafter, the flow proceeds to S105, and
whether or not the difference in the number of the rota-
tions between the left and right front wheels (=|Vfl-Vfr|)
is larger than the value (K1) that has been predeter-
mined through experiments is determined at the left/
right wheel slip occurrence determination unit 44. In
case the differential rotation is larger than the value K1,
it is determined that there is occurring the wheel slip on
the front wheel side, and the flow skips to S107. In S105,
in case it is determined in S105 that the difference in the
number of rotations between the left and right front
wheels is equal to or smaller than the value K1, in other
words, in case it can be determined that there is occur-
ring a wheel slip on neither of the left and right front
wheels, the flow proceeds to S106, where whether or
not there is occurring a wheel slip on the rear wheel side
is determined.

[0052] In S106, whether or not the difference in the
number of rotations between the left and right rear
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wheels is larger than the value (K2) that has been pre-
determined through an experiment is determined at the
left/right wheel slip occurrence determination unit 44. In
case the difference in the number of rotations is larger
than the value K2, it is determined that there is occurring
the wheel slip on the rear wheel side, and the flow pro-
ceeds to S107. In contrast, in case it is determined in
S106 that the difference in the number of rotations is
equal to or smaller than the value K2, in other words, in
case it can be determined that there is occurring the
wheel slip on neither of the left and right rear wheels (as
aresult, in case it can be determined also from the result
of the determination in S105 that there is occurring a
wheel slip neither between the front left and right wheels
nor the rear left and right wheels) , then the flow skips
to $115. In S115, the limited slip differential torque set-
ting unit 46 sets the limited slip differential torque Tc cal-
culated in S104 as a transfer clutch torque as it is for
output.

[0053] On the other hand, when the flow proceeds to
S107 after it is determined that there is occurring the
wheel slip either between the front left and right wheels
(S105) or between the rear left and right wheels (S106),
the left/right wheel slip occurrence determination unit 44
outputs to the traction control unit 33 a permission signal
for permitting the traction control through engine out put.
Then, a traction control for reducing the engine output
in a predetermined manner is executed by the traction
control unit 33.

[0054] The flow proceeds further to S108, where the
left/right wheel slip occurrence determination unit 44
outputs to the braking force control unit 31 the permis-
sion signal for permitting the traction control through
braking. Then, the traction control for preventing the
wheel spin by imparting a predetermined magnitude of
the braking force is executed by the braking force control
unit 31.

[0055] Thereafter, the flow proceeds to S109, and
whether or not the vehicle speed V (for example, the
average of the vehicle speeds Vfl, Vfr, Vrl, Vrr of the four
wheels) is lower than the set vehicle speed V1 is deter-
mined. In case it can be determined that the vehicle
speed V is smaller than the set vehicle speed V1 and
that the vehicle is being driven at low speeds, the flow
proceeds to S110. In contrast, in case it is determined
that the vehicle speed V is equal to or larger than the
set vehicle speed V1, since the input torque to the trans-
fer clutch 15 is small and there is occurring less wheel
slip, the flow skips to s115. Then, in S115, the limited
slip differential torque setting unit 46 sets the limited slip
differential torque Tc calculated in S104 as the transfer
clutch torque as it is for output.

[0056] When the flow proceeds to S110 after it is de-
termined in S109 that the vehicle speed V is lower than
the set vehicle speed V1 and that the vehicle is being
driven at the low speeds, first the limited slip differential
compensation amount Tc1 according to the steering an-
gle (the increasing compensation amount for the term
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f1 (Tin) of the input torque Tin) is calculated from Tc1=g1
(Str) - f1(Tin).

[0057] Next, the flow proceeds to S111, and whether
or not the driver turns the steering wheel with the steer-
ing angle Str being substantially "0". In case the driver
does not turn the steering wheel and the vehicle is being
driven substantially straight, the flow proceeds to S112.
In S112, the limited slip differential compensation
amount Tc2 according to the vehicle speed V (the in-
creasing compensation amount to the term f2 (AN) of
the front/rear differential rotation AN) is calculated from
Tc2=g2 (V) - f2(AN). In contrast, in case the driver turns
the steering wheel with the steering angle Str being not
substantially "0", the flow proceeds to S113, where the
driver is prevented from feeling the physical disorder re-
sulting from the shift of the vehicle characteristics while
he or she is turning the steering wheel by making Tc2=0.
[0058] Then, the flow proceeds to S114, where the fi-
nal limited slip differential torque Tc is obtained by add-
ing the limited slip differential compensation amount Tc1
according to the steering angle calculated in S112 to the
limited slip differential torque Tc calculated in S104 and
further adding thereto the limited slip differential com-
pensation amount Tc2 according to the vehicle speed V
calculated in S112 or the limited slip differential compen-
sation amount Tc2(=0) set in S113. Then, the final lim-
ited slip differential torque Tc thus calculated is set for
outputting as the transfer clutch torque in S115.

[0059] Thus, according to the embodiment of the
present invention, the limited slip differential between
the front and rear drive shafts continues to be imple-
mented through transfer control in the front/rear driving
force distribution control. The limited slip differential be-
tween the left and right wheels is implemented by the
traction control through the engine output and the trac-
tion control through braking. Thus, the superior drivabil-
ity can be maintained without making the driver feel the
physical disorder, and it can be ensured that the vehicle
stability is improved by properly suppressing wheel slips
on the four wheels.

[0060] In case there occurs the wheel slip exceeding
the predetermined value at least either between the
front left and right wheels or between the rear left and
right wheels, the limited slip differential force is compen-
sated such that the limited slip differential force is in-
creased. Therefore, more stable driving can be provided
by improving the degree of the lock-up of the front and
rear drive shafts against the wheel slip that would be
generated by the difference in friction coefficient gener-
ated in the normal driving conditions between the left
and right wheels of the vehicle and the road surface,
respectively.

[0061] Furthermore, the control at the front/rear driv-
ing force distribution control unit 40, the traction control
through the engine output at the traction control unit 33
and the traction control through braking at the braking
force control unit 31 are implemented independently ac-
cording to the different factors. Therefore, there is elim-
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inated a control interference due to the differential rota-
tion control, whereby the generation of uncomfortable
vibrations and noises can be prevented.

[0062] Inaddition, according to the embodiment of the
present invention, the four-wheel drive vehicle is de-
scribed in which the driving force is distributed between
the front and rear wheels by controlling the transfer
clutch torque for the transfer clutch 15. However, it goes
without saying that the present invention has general-
purpose properties that it can be applied to a four-wheel
drive vehicle whether or not it is equipped with a so-
called center differential.

[0063] Additionally, according to the present inven-
tion, the examples are described in which the traction
control through the engine output at the traction control
unit 33 and the traction control through braking at the
braking force control unit 31 can both be implemented.
Therefore, the present invention can be applied to the
vehicle in which only either of the two traction controls
can be implemented or to the vehicle which has a known
traction control that is different from those traction con-
trols.

[0064] Furthermore, according to the embodiment of
the invention, the limited slip differential compensation
amount Tc1 according to the steering angle and the lim-
ited slip differential compensation amount Tc2 accord-
ing to the vehicle speed V are used as the compensating
amount for increasingly compensating for the limited slip
differential torque Tc. Therefore, depending upon the
specifications of the vehicle, either or both of the com-
pensation amount values may be made constant.
[0065] Moreover, the method for increasingly com-
pensating for the limited slip differential torque Tc is not
limited to the adding method according to the embodi-
ment of the present invention. For example, the increas-
ing compensation can be implemented by setting a con-
stant equal to or larger than 1 according to at least either
the steering angle or the vehicle speed V and multiplying
the set limited slip differential torque Tc by the constant
SO set.

[0066] Thus, as has been described heretofore, ac-
cording to the present invention, the optimal limited slip
differential control can continue to be carried out without
interfering with the traction control more than required
to thereby provide the superior drivability without mak-
ing the driver feel the physical disorder resulting from
the shift of vehicle properties. In addition, it can be en-
sured that the vehicle stability is improved by proper
suppressing the wheel slips on the four wheels.

[0067] While the presently preferred embodiments of
the present invention have been shown and described,
it is to be understood that these disclosures are for the
purpose of illustration and that various changes and
modifications may be made without departing from the
scope of the invention as set forth in the appended
claims.
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Claims

An apparatus for controlling a four-wheel drive ve-
hicle comprising:

a traction control unit for controlling a driving
force when there occurs a wheel slip on a
wheel,

a transfer device with a limited slip differential
unit for limiting a differential rotational action
between front and rear wheels for distributing
said driving force transmitted thereto between
the front and rear wheel sides; and

a limited slip differential control unit for setting
a limited slip differential force by said limited slip
differential unit,

wherein said limited slip differential control
unit compensates for said limited slip differential
force by said limited slip differential control unit in
such a manner that said limited slip differential force
is increased when there occurs a wheel slip exceed-
ing a predetermined value at least either one of front
left and right wheels or rear left and right wheels.

The apparatus for controlling the four-wheel drive
vehicle as set forth in Claim 1, wherein said limited
slip differential control unit sets said limited slip dif-
ferential force according to at least either one of the
driving force inputted into said transfer device or the
difference in the number of rotations between the
front and rear wheels.

The apparatus for controlling the four-wheel drive
vehicle as set forth in Claim 1, wherein said limited
slip differential control unit implements the increas-
ing compensation of said limited slip differential
force at the time of running at a low speed.

The apparatus for controlling the four-wheel drive
vehicle as set forth in Claim 1, wherein said limited
slip differential control unit implements the increas-
ing compensation of said limited slip differential
force according to at least a steering angle.

The apparatus for controlling the four-wheel drive
vehicle as set forth in Claim 1, wherein said limited
slip differential control unit implements the increas-
ing compensation of said limited slip differential
force according to at least a vehicle speed.

The apparatus for controlling the four-wheel drive
vehicle as set forth in Claim 5, wherein said increas-
ing compensation according to the vehicle speed is
implemented when the steering angle is small.

The apparatus for controlling the four-wheel drive
vehicle as set forth in Claim 1, wherein said traction
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10.

1.

12.

13.

14.

control unit operates so that driving force transmit-
ted to a road surface is limited only when there oc-
curs a wheel slip exceeding the predetermined val-
ue at least either one of the front left and right
wheels or the rear left and right wheels.

The apparatus for controlling the four-wheel drive
vehicle as set forth in Claim 1, wherein the traction
control units controls the driving force transmitted
to a road through at least one of an engine output
and a braking.

A method for controlling the four-wheel drive vehicle
comprising:

controlling a driving force when there occurs a
wheel slip on a wheel;

distributing a driving force transmitted from a
power source to front and rear wheel sides
while limiting a differential rotational action be-
tween said front and rear wheels with a limited
slip differential force;

setting the limited slip differential force; and
compensating for the limited slip differential
force to be set by said setting step in such a
manner that said limited slip differential force is
increased when there occurs a wheel slip ex-
ceeding a predetermined value at least either
between left and right wheels on the front wheel
side or between left and right wheels on the rear
wheel side.

The method for controlling the four-wheel drive ve-
hicle as set forth in Claim 9, wherein said limited slip
differential force is set according to at least either
one of the driving force that is to be inputted into
said transfer device or the difference in the number
of rotations between the front and rear wheels.

The method for controlling the four-wheel drive ve-
hicle as set forth in Claim 9, wherein the increasing
compensation of said limited slip differential force
is implemented at the time of running at low speeds
which is predetermined.

The method for controlling the four-wheel drive ve-
hicle as set forth in Claim 9, wherein the increasing
compensation of said limited slip differential force
is implemented according to at least a steering an-

gle.

The method for controlling the four-wheel drive ve-
hicle as set forth in Claim 9, wherein the increasing
compensation of said limited slip differential force
is implemented according to at least a vehicle
speed.

The method for controlling the four-wheel drive ve-
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hicle as set forth in Claim 13, wherein said increas-
ing compensation according to the vehicle speed is
implemented when the steering angle is small.

The method for controlling the four-wheel drive ve-
hicle as set forth in Claim 9, wherein the driving
force that is to be transmitted to a road surface is
limited only when there occurs a wheel slip exceed-
ing the predetermined value at least either one of
the front left and right wheels or the rear left and
right wheels.

The method for controlling the four-wheel drive ve-
hicle as set forth in Claim 9, wherein the driving
force transmitted to a road surface is controlled
through an engine output or a braking operation.
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FIG. 3
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